Background
Introduction
Connective tissue disease (CTD) is often associated with interstitial pneumonia. An evaluation for underlying CTD is recommended in the diagnosis and management of idiopathic interstitial pneumonias [1] . Some patients with idiopathic interstitial pneumonia have a few features of CTD and yet do not fulfil the diagnostic criteria for any specific CTD [2, 3] . These patients have been described previously as having undifferentiated CTD-associated interstitial lung disease (UCTD-ILD), lung-dominant CTD, and autoimmune-featured ILD, and the recently proposed term "interstitial pneumonia with autoimmune features" (IPAF) [1] [2] [3] [4] [5] [6] [7] [8] .
Among the various CTDs, rheumatoid arthritis (RA), systemic sclerosis (SSc), and polymyositis/dermatomyositis are more likely to be associated with ILD [9, 10] . Previous reports have indicated that clinical characteristics are similar between RA-ILD and ILD with anti-CCP antibody but not with RA, and between polymyositis/dermatomyositis-ILD and anti-ARS antibody-associated ILD but not with polymyositis/dermatomyositis [11, 12] . Specific study of each autoantibody found in ILD may be necessary to assess the appropriate strategy to diagnose and treat these disorders.
We hypothesized that ILD with SSc-related autoantibodies would not resemble SSc-ILD, and this point may contribute to the reasons for the difference prognoses in previous reports of UCTD-ILD, lung-dominant CTD, autoimmune-featured ILD, and IPAF [2] [3] [4] [5] [6] [7] 13] . The aims of our study were thus to review and assess clinical characteristics, prognosis, and disease behavior of SSc-related autoantibody-associated ILD.
Material and Methods

Study sample
We retrospectively surveyed all patients who were diagnosed as having SSc-ILD or SSc-related autoantibody (anti-centromere, anti-scleroderma-70, and anti-U1 RNP antibody)-positive ILD but not CTD (ScAb-ILD) at Kanagawa Cardiovascular and Respiratory Center, Kanagawa, Japan, between March 1997 and July 2015. Among the patients with SSc-ILD, 3 patients with SSc-RA overlap and 1 patient with SSc-dermatomyositis overlap were excluded from this study. Moreover, among the patients with ScAb-ILD, 4 patients with RA, 4 patients with Sjög-ren's syndrome, 2 patients with chronic hypersensitive pneumonitis, and 1 patient with IgG4-associated lung disease were also excluded. Diagnosis of SSc was made by rheumatologists at other institutions. Patients with SSc fulfilled the revised criteria for SSc of the American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) classification [14] . In 4 patients with SSC-ILD, SSc preceded the onset of ILD (follow-up: 2.17-17.5 years). On the other hand, 2 patients developed manifestations of SSc during their follow-up period (5-7 months), and these patients were also included as SSc-ILD subjects. Although mixed connective tissue disease (MCTD) was originally described as a syndrome, the presence of anti-U1 RNP antibody is not restricted to MCTD but is also occasionally observed in patients with systemic lupus erythematosus and SSc [15] . Patients with SSc present with many disease features that are also found in MCTD, and if a single CTD becomes dominant, most patients who have MCTD develop SSc, and some MCTD patients often evolve toward severe SSc [16] [17] [18] . Therefore, in our study, 11 patients with MCTD were included as having SSc-ILD, and 15 anti-U1 RNP-positive patients with ILD were also included as having ScAb-ILD. Diagnosis of MCTD required fulfillment of at least one set of the three widely accepted diagnostic criteria (Sharp, Alarcon-Segovia, and Kasukawa criteria) [15, 19] . This study received approval from the institutional review board of Kanagawa Cardiovascular and Respiratory Center (no. 27-39). Informed consent was not required because of the retrospective nature of the study.
Data collection
Baseline clinical measures, other than bronchoalveolar lavage and histological findings by surgical lung biopsy, were obtained within one month of the initial diagnosis of SSc-ILD or ScAb-ILD at our hospital. Bronchoalveolar lavage and histological findings by surgical lung biopsy were obtained within 3 months (27 patients), 3-6 months (4 patients), and 3.25 years (1 patient) of diagnosis. A broad panel of autoantibodies were screened in a clinical setting even if there were no symptoms suspicious of CTD. Anti-centromere, anti-scleroderma-70, and anti-U1 RNP antibodies were tested using fluoroenzymeimmunoassay testing of sera (Thermo Fischer Scientific Inc., Tokyo, Japan). A positive result for each autoantibody was defined as a measurement greater than 10 U/mL.
Radiological analysis
Two radiologists (T. Iwasawa and S. Iso) reviewed high-resolution computed tomography (HRCT) scans for consensus of diagnosis of ILD in our hospital without information of each patient's clinical data. Patients were classified as presenting a HRCT pattern either "suggestive or consistent with nonspecific interstitial pneumonia (NSIP)" or "suggestive of usual interstitial pneumonia (UIP)" [20, 21] . Pleuroparenchymal fibroelastosis was defined Reddy's criteria [22] . The HRCT scans were analyzed for the following characteristics: honeycombing, groundglass opacity, consolidation, reticulation, localization of attenuation in conjunction with honeycombing and cysts, traction bronchiectasis, bronchial wall thickening, pulmonary artery dilation, enlarged mediastinal lymph nodes, and pleural thickening. These features were selected on the basis of previous studies or from our experience [23] [24] [25] . Disagreements between the two radiologists after the first assessment were resolved by discussion. We also used computeraided 3D quantitative analysis of chest HRCT to automatically categorize the lungs in the 3D CT images pixel-by-pixel with Gaussian histogram-normalized relations, and relative volume of disease extent (%) to HRCT lung volume was calculated [26, 27] . A previous study reported that an easily applicable, limited/extensive disease staging system for SSc-ILD based on combined evaluation with HRCT and pulmonary function testing (PFT) provides discriminatory prognostic information [28] . We thus used this staging system to categorize our study patients as having limited disease (HRCT extent 10% or, when HRCT extent was 10-30%, forced vital capacity [FVC] 70%) or extensive disease (HRCT > 30% or, when HRCT extent was 10-30%, FVC < 70%) [28] .
Pathological analysis
The surgical lung biopsy slides were reviewed by two pulmonary pathologists (K. Okudela and T. Takemura) who were blinded to the clinical and radiologic information. Histologic patterns were classified according to the current classification of idiopathic interstitial pneumonia [21] .
Moreover, the following pathological features were semi-quantitatively graded as 0 (absent), 1 (mild), 2 (moderate), or 3 (severe): lung parenchyma, airway, and pleural lesions [29] [30] [31] . Any disagreements between the two pathologists were discussed until consensus was reached.
Statistical analysis
Categorical baseline characteristics are summarized by frequency and percentage, and continuous characteristic are reported as mean ± SD. To detect differences between groups, the Wilcoxon test or Fisher's exact test was used as appropriate. We investigated potential risk factors of mortality with each variable chosen for entry into univariate Cox regression analysis and then performed multivariate Cox regression analysis with backward variable selection. The Kaplan-Meier method was used to display and the log-rank test to compare survival curves for the cohort stratified for each group (SSc-ILD and ScAb-ILD; limited and extensive staging of disease; Krebs von den Lungen-6 (KL-6) 1000 U/mL and < 1000 U/mL; and anti-centromere, anti-scleroderma-70, and anti-U1RNP antibody). Analysis of disease behavior based on FVC over time was performed with linear mixed-effects models in which separate fits for subjects with SSc-ILD or ScAb-ILD were allowed. Each model included random terms for intercept and slope (for time from diagnosis) to account for the data structure (repeated measures over time within subject). We considered p < 0.05 to represent statistical significance in all analyses. Missing data were categorized as "unknown" and were entered into each statistical analysis model. All data were analyzed with SAS version 9.4 (SAS Institute Inc.).
Results
Patient characteristics
We identified 72 subjects of whom 40 were patients with SSc-ILD and 32 were patients with ScAb-ILD. Significantly more of the patients with SSc-ILD were women and never-smokers than were patients with ScAb-ILD (p = 0.013) ( Table 1 
Radiographic features
Radiographic features in SSc-ILD included UIP in 3 (7.5%) patients and NSIP in 32 (80.0%), and in ScAb-ILD included UIP in 7 (21.9%) patients and NSIP in 16 (50.0%), indicating that NSIP was a more frequent pattern in SSc-ILD, and the frequency of UIP was slightly more common in ScAb-ILD than in SSc-ILD (p = 0.024) ( Table 2) . Honeycombing was observed significantly more frequently in ScAb-ILD (p = 0.003). In contrast, cystic changes (non-honeycombing, emphysema) were significantly more frequent in SSc-ILD (p = 0.013) (Fig 1) .
Pathologic features
Of the 72 patients, 32 underwent surgical lung biopsy for diagnosis of ILD. Of the 25 patients with SSc-ILD, the major histologic pattern was fibrotic NSIP in 18 patients, UIP in 1 patient, and "unclassifiable" in 6 patients ( Table 2 ). The histologic pattern in the 7 patients with ScAb-ILD included "unclassifiable" in 5 patients, fibrotic NSIP in 2 patients, and UIP in none. Organizing pneumonia (intra-alveolar polyps) and respiratory bronchiolitis were present in 40% and 8% of the patients with SSc-ILD and in 85.7% and 42.9%, respectively, of the patients with ScAb-ILD, indicating significantly more frequent findings of organizing pneumonia in ScAb- 
Mortality
Death from any cause occurred in 18 patients (20.0%) over a median 2.84-year follow-up period (range: 0.15-17.25 years). The overall cumulative 5-year mortality rate was 24.4%, whereas that of the patients with SSc-ILD and with ScAb-ILD was 10.9% and 35.9%, respectively (Table 1) .
Prognostic factors of all-cause mortality
Log-rank testing showed that subjects with ScAb-ILD had significantly worse survival than those with SSc-ILD (p = 0.011) (Fig 3A) . Analysis of staging (limited versus extensive disease) of all subjects and those with SSc-ILD showed no significant differences (p = 0.120 and 0.338, respectively), whereas just for ScAb-ILD, the patients with extensive disease had worse survival than those with limited disease (p = 0.015) (Fig 3B) . For serum KL-6 in just the SSc-ILD patients, those with KL-6 1000 U/mL had worse survival than those with KL-6 < 1000 U/ mL (p = 0.049) (Fig 3C) . In the analysis of each autoantibody, no significant difference in survival was found between patients with anti-centromere, anti-scleroderma-70, and anti-U1 RNP antibody (Fig 3D) . ScAb-ILD, age 65 years, CRP 1 mg/dL, and honeycombing on HRCT were significant predictors of mortality in univariate analysis. A multivariate Cox proportional hazard model showed only age 65 years and CRP 1 mg/dL to be negative prognostic factors (Table 3) .
Disease behavior during follow-up (Fig 4) . 
Discussion
The present study clarified the differences in patient characteristics, disease behavior, and prognosis between SSc-ILD and ScAb-ILD and showed that lung-dominant CTD with ScAb-ILD is a different disease entity from that of SSc-ILD. Although analyses of SSc-ILD were often reported previously, to the best of our knowledge, the association between SSc-ILD and SScrelated autoantibody-positive ILD but not SSc indicates that lung-dominant CTD has not been reported before. SSc is a CTD characterized by tissue fibrosis in the skin and internal organs. ILD develops in more than half of the patients with SSc and is an important risk factor of mortality as is pulmonary hypertension [32, 33] . As in previous studies, our patients with SSc-ILD were more likely to be females and non-smokers, and most cases were diagnosed as NSIP through both HRCT and pathological analysis [34] . In contrast, about half of the patients with ScAb-ILD were male and current or ex-smokers.
In HRCT analysis, although one-half of the patients with ScAb-ILD were diagnosed as having NSIP, over one-fifth of them had UIP, and honeycombing was more predominant in those with ScAb-ILD rather than SSc-ILD. Interestingly, HRCT findings of cysts were more likely to be present in those with SSc-ILD rather than ScAb-ILD. Certain segments of the population have secondary Sjögren's syndrome associated with SSc, and thin-walled cysts are often seen in Sjögren's syndrome with ILD [35] . In our study, two patients were diagnosed as having secondary Sjögren's syndrome with SSc. The precise frequency of such patients may actually be higher in our study and thus might lead to significantly different results. Pathological analysis showed the severity of vascular intimal or medial thickening to be significantly higher in the patients with SSc-ILD than ScAb-ILD. Although only a few patients underwent specific drug therapy for pulmonary arterial hypertension in our study, the primary findings in SSc patients are intimal fibrosis (affecting the small vessels adjacent to the alveoli), medial hyperplasia, and adventitial fibrosis affecting the pulmonary arterioles; thus, our results were compatible with these findings [36] . In contrast, none of the patients with ScAb-ILD had such lesions. Moreover, the histologic pattern of most patients (71.4%) with ScAb-ILD who underwent surgical lung biopsy was "unclassifiable." The high frequency of smoking history in the ScAb-ILD patients and the existence of the autoantibodies themselves may contribute to this result, but the exact cause remains unclear.
The survival curves showed that patients with ScAb-ILD had a significantly poorer outcome than those with SSc-ILD. Although the ScAb-ILD patients with extensive disease had a significantly poorer survival curve than those with limited disease, there was no significant difference in prognosis between the SSc-ILD patients with limited versus extensive disease. A previous study reported that the limited/extensive staging system strongly predicted mortality [28] . The SSc-ILD patients in our study did not show the same result, and the small sample size might be one reason for this finding. The SSc-ILD patients, and not the ScAb-ILD patients, with the biomarker of serum KL-6 1000 U/mL had a worse survival curve than those with KL-6 < 1000 U/mL. A serum KL-6 of 1000 U/mL was previously reported to be a predictor of poor prognosis in patients with idiopathic pulmonary fibrosis [37] , and in SSc-ILD, the presence of elevated KL-6 values is also a poor prognostic factor [38] . When disease behavior was assessed on the basis of FVC, the declining slope of FVC was not significantly different between the two groups. SSc-ILD was reported to progress much more frequently in the first 4 years of systemic disease (especially in the first 2 years) [39] , but similar results were not seen in our study. Interestingly, despite the severity of vascular intimal and medial thickening in the pathological findings of the patients with SSc-ILD and the baseline FVC calculated by solving the linear mixed-effects model being significantly higher in those with ScAb-ILD, the patients with ScAb-ILD appeared to have a worse prognosis. Disease behavior related to the declining slope of FVC was not significantly different between the two groups, which indicates that there was missing data during follow-up period because of the poor prognosis of the patients with ScAb-ILD.
To summarize, there were many differences between the baseline characteristics and HRCT and pathological findings of the two disease entities, and primarily, the prognosis of the patients with ScAb-ILD was poorer than that of the patients with SSc-ILD. All of our subjects fulfilled the criteria for lung-dominant CTD proposed by Fischer et al. [1] . Most of the subjects with ScAb-ILD matched the diagnostic criteria for IPAF because these patients have a serologic domain (anti-centromere, anti-scleroderma-70, and anti-U1 RNP antibodies) and morphologic domain as indicated predominantly by radiological findings of NSIP, intrinsic airway disease with bronchial wall thickening and air trapping, and pathological findings, and by cellular infiltration of the airway and organizing pneumonia. Therefore, in our investigation of these many aspects, we suggest that patients with ILD who have not met the diagnosis of SSc but are positive for SSc-related autoantibodies have a disease entity distinct from that of SSc-ILD, and this is an important reason for the difference in some reports between the prognosis of CTD-ILD versus that of UCTD-ILD, lung-dominant CTD, autoimmune-featured ILD, and IPAF.
The limitations of this study are as follows. First, the study involved a relatively small number of patients from a single center. However, in our institution, chest clinicians carry out screening while always keeping routine examination of each CTD-related autoantibody in mind, even if the patients with ILD have no symptoms suspicious of CTD. Moreover, if the patients have autoantibodies related to CTD, we usually consult the rheumatologists to determine whether the diagnosis of CTD can be fulfilled. Therefore, we could examine the patients in greater detail. Second, the patients with MCTD were included as patients with SSc in this study. As mentioned in the Study sample section, anti-U1 RNP antibody is occasionally observed in patients with SSc and systemic lupus erythematosus, and chronic interstitial pneumonitis as a complication of systemic lupus erythematosus is rare [14, 40] . Moreover, most patients with MCTD have characteristics of SSc and ultimately develop SSc [16] [17] [18] . In fact, 7 (63.6%) of the 11 patients with MCTD fulfilled the criteria for SSc during the follow-up period. Therefore, ILD with MCTD is included in SSc-ILD, and ILD with positive U1 RNP antibody is included in ScAb-ILD.
We conclude that despite these limitations, our study suggests that lung-dominant CTD and IPAF with SSc-related autoantibody is a different disease entity from that of SSc-ILD. We believe that the results of our study will be helpful in determining whether the management of IPAF should be similar to that of CTD-ILD. Further studies with each of the specific autoantibodies of IPAF may be necessary to assess the appropriate strategy to diagnose and treat IPAF.
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